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ABSTRACT

A method of broadbanding a miniature, 'lumped element® UHF circulator
using tripled-tuned networks 1s presented, The characteristics of such a
low-1lcss/moderate isolation isolator package are given, vis-a-vis transistor

amplifier mrotection applications,
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INTRODUCTION

Recent reports have shown the feasibllity of using mindature lumped
element circulators in the VHF and UHF frequency ranges,*»<s

This commnication describves the broadbanded performence of a minia-
' ture UHF circulator with a passband of 300 to 400 MHz using a device men-
5 ufactured by Melabs® - their model LB-1 "isoductor,”

& recent report by McChesney and Dunn’ described a similar device
vwhich was broadbanded to cover the 4OO-to T00-MHz fregquency range.

The device described here was obtelned as a discrete circulator, to
be metched externally by using proper bandymes networks to achieve wide
bandwidths and low insertion loss et lower frequencies, (See Fig. 1.)

Dibiiel A i e e A L T

Ar. importent application of the circulator is its use in providing
wotecslon for RF transistor amplifiers when RF power is fed directly to
an antenna. Such protection is achieved when the 3-port ~ircuiator is
z‘ - Intexrposed between the RF amplifier stege and entenma., Abscrptiom of any
3 reflective pover from the anterma 1s mrovided by virtue of the metched
3 dumy load at the thirs mort. Transistor failwre due to severe reflection

or rmismatch 1s thereby eliminated. The impedance level between the anm-
piifier and the antenma 1s always mmintained, thereby.
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Acccrding to Konishi,l the insertion loss of & lumped element circu-

lator in the shunt tuned configuration - common ground point (See Fig. 1a)
1s given ss:

N I S e e

,~ L(aB) = 296 (L + 1_)emecoomccoeen (1)
S 2 % Qefr
-
1 ;? vhere: 7( = ‘gi > ﬁ: st = 1+ -....._m....._wQ jt oy ceamnece (2.3)
i Wy = b7 Ms {Seturation Magnetization)
Wo = ~ H (internal fleld)
i ¥y = operating center frequency of circulator
‘ ~ = gyromegnetic ratic = 2,8
- Qe = Unloaded Q of shunt capacitor

Qeff = Unloaded Q of ferrite materisl ,
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Tt was not possible to test Konishi's equation because the circulator
Paremeters Qefs and p + could not be mweesured; therefore, an overall in-
sertion loss measurement was mede at 350 MHz for the marrowbend (5%) case,
with single shunt capacitors tuneé at each port (Figur: 1la).

At 350 MHz, L (d@B) = 0.6 dB for a 5% passband.

Three triple-tuned bandpass filters were then constructed to cover
the 300 ~ 40O MHz range and these exhibited an average insertion loss of
0,25 dB each, with apmroximately 0.02 dB ripple. These units were cone
structed using air trimmer capecitors and distributed (lead length) in-
ductances (See Figure 2).

In parrying each assembly to the circulator, great care was used in
minimizing stray capacitance and lead length inductances. Shielding walls
vere constructed around the eutire circult (See Figure 2). In addition,
coaxial stubs were used as siunt inductances for least loss,

The entire circulator assembly was tuned to optimum Chebychev response
using the Rohde and Schwartz Polyekop generator. Results are shown in
Fgure 3. An impedance plot was then made and results are shown in Fig. L.

It can be seen that an optimum of 1.0 4B has been acconplished, co-
incident with a resrly flat isclation response of 13 &B over this range.

In amalyzing this insertion loss (Fig. 3), it should be noted that
each filter (op the input and output ports, resp.) contributes 0.25 4B 20
the tital loss, The equation for insertion loss should thereicre read:

L (dB) = 20 log 1 ( discrete circulator)
1 - %1 dissipation loss
£

.3k ( QL ) 3 43l ( q ) Dissipation loss
Qp £ E Z 1 l:nrbp.rb filters.
. ns=

-—
=

L (B) = 20 log .1 + 8.68( 4y, ) s -(%)
o S %/ £,
st 5T
vhere: Qpp = loaded Q of the discrete circulator (Junction)
= center a6
&

Fer D i

unloaded Q of the ferrite moterial

Qur
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. center frequency F

% Bandwidth(~ipple) ]

011 - unloaded Q each filter .
gk = element value for each C ar L

external to discrete circulator. This includes each external shunt capa-
citor immediately beyond the ferrite junction. Note that the @, due to
this first shunt capacitor is now included in each filter and is not ex-
mressed in the term given for insertion loss of the discrete circulator it-

self, .
According to the results given, the total imsertion loss as measured

0.6 @B + 0.5 dB = 1.1 4B
(eirculator) (both filters)

Jibes with the plot shown in Fig, 3. Additional losses shown in the plot
are due to mismatch and can be deduced from Fig. 4.

The isolation response was a function of the impedance match, acconm-

" pliched at the third port and terminated (through the triple-tuned filter)

in a 50 S coaxial OSM type load. It was found that a 50 S termina.
tion at the isolated port provided a better tmpedance match than the ter-
mination called for in the application note,

CURCLUSIONS

In conclusion, it must be noted that filter tuning, though critical,
was accomplished by using miniature air trimmer capacitors having low dis-
tributed inductive components. Miniaturization mey be accomplished further
by using ultra-miniature ceramic trimmers and ultimately, printed circuit
techniques.

Broadband width and matching was accomplished using bandpess rather
then low pass networks. This was because over a band of frequencies, the
ferrite Junction, represented by parallel L and R could be incarparated
more easily into the bandpass matching network. In using the low pass
structure, an admittance transformation must be mede, causing possible
frequency dependence,

It should be noted that broadbend display was accomplished et the
expense of achieving Lower isolation than is normally expected at mlerovave
frequencies ( &£ 20 dB).

Iimited data is available indicating that the device described abeve is
useful in providing mrotection for RF transistor power amplifiers,
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Future work using broadband ferrite devices will congentrate on demon-

strating quantitative limits of protection afforded typical RF transistor
power amplifiers under worst case conditioms.

ACKNOWLEDGFMENTS

Acknowledgement 1s made of the informative and valuable discussions the
auchor has had with Messrs. Nathan ILipetz and Elio Mariani, Electronic Parts

and Materials Divislon, Electronic Components Laboratory.

REFERENCES

1.

2.

3.

Y. Konishi, "Lumped Element Y Circulstor," IEEE Trans. on

Microwave Theory and Techniques, Vol. MTT 13, pp. 852-86k,
November 1965.

V. E. Dunn, "Ultra Compoct Microweve Devices,” Intexrim Technical
Report No. 2, Army Contrect DAABOT7-67-C-00L2, October 1967.

V. E. Dunn and R. W. Roberts, “Nevw Design Techniques for

Miniature VHF Circulators,” G-MIT Symposium, Clearwster,
Florida, 1965.

Melabs Application Note 7 - 182, Melebs, Palo Alto, California.

G. M:Chesney and V. Dunn, "Broadband Iumpe¢ Elemeut UHF Cir-
culator," IEEE Transactions on Microwave Theory and Techniques,
Vol. MIT 15, pp. 198-199, March 1967.

S. B. Cohn, "Direct Coupled Resonstor Filters,"” Proc. IRE, Vol. 45,
pp. 187-106, February .957.

‘-

o ;
R R e B




R A e T "

& T

S T

I
4

L Y

4OLVINOY¥IO QINNL-31d1¥L 40 IILVWIHOS
| NI

avol |

(HIWX)

(INV) indNI
1NdIN0 S ——

d3INNL INNHS

At DR R N I N A .

Rt

a4

s e — -




i

! X
| |
I H
b
i
't |
| m |
i !
,W B !
|
i ,
; | ;
o ,
L {
¥ _
i )

(&)
| ;
| 2
i ,
N ,v
| 1 ﬁ i
{ o, m ‘




F e S T
s

Pt

L-.w_:._ N

FIG. 2 300~-400-MHz BROADBAND CIRCULATOR ASSEMBLY
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rig. 3 Insertion Loss and Isolation Characteristics
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